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[Title of Invention] 
Nonvolatile semiconductor memory apparatus 

" [Summary] 

[Purpose] The purpose of the present invention is to copy 
fixed unit data to other fixed units, and to complete any 
required processing such as erasure verification at high 
speed. 

[Structure] The apparatus pursuant to the present invention 
is provided with a memory means 1 that has a data storage 
area divided into fixed units, a latching means 2 that latches 
data via a reading operation of data at fixed units, inverts it 
and then relatches it, and a means of carrying out required 
processing operations based on this data inversion. 
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(Scope of Patent Claim] 

[Claim 1] A nonvolatile semiconductor memory apparatus provided with a memory means that has a data storage area 
divided into fixed units, a latching means that latches data via a reading operation of aforementioned data at fixed units, 
inverts these latched data and then relatches them, and a means of carrying out required processing operations based on 
aforementioned data inversion. 

(Claim 2] The nonvolatile semiconductor memory apparatus of Claim 1 wherein aforementioned required processing 
operation is writing and copying of data stored in aforementioned fixed units to other fixed units. 
(Claim 3] The nonvolatile semiconductor memory apparatus of Claim 1 wherein aforementioned required processing 
operation is erasure verification. 

[Claim 4] The nonvolatile semiconductor memory apparatus of Claims I or 2 that is structured so that aforementioned 
data inversion is carried out in single fixed unit batches. 

[Claim 5] The nonvolatile semiconductor memory apparatus of Claims 1, 2, 3 or 4 that is structured so as to judge 
whether or not aforementioned data inversion is carried out as a function of the address of the processing operation in the 
plurality of memory means in question when there is a plurality of aforementioned memory means. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Utilization] 

The present invention concerns a nonvolatile semiconductor memory apparatus using flash EEPROM (especially a 

NANDtype EEPROM). 

[0002] 

(Related Art] Magnetic disc devices have been used extensively as the storage apparatus of conventional computer 
systems. However, since magnetic disc devices have a close-tolerance mechanical drive mechanism, they are susceptible 
to impact, heavy and thus not very portable. Additional defects include their high levels of power consumption, difficulty 
in running on batteries, and incapability of high-speed access. 

[0003] Thus, the development of semiconductor memory devices using EEPROM has proceeded in recent years. 
Semiconductor memory devices are very portable since they are resistant to impact and are light weight because they lack 
mechanically driven components. Additional benefits include their low power consumption which permits them to easily 
be run on batteries, and their capability of high-speed access. 

[0004] However, EEPROM are capable of a finite number of writing/erasure, and system controls that are unnecessary in 
magnetic disc devices are required to ensure their reliability. 

[0005] A highly integrated NAND cell type EEPROM is known as one type of EEPROM. It is constituted by connecting 
a plurality of memory cells each formed by connecting a source of one memory cell in series with a drain of a memory 
cell adjacent to the memory cell for a shared use, as one unit, to a bit line. This memory cell normally has an FETMOS 
structure in which a charge storage layer and a control gate are laminated. A memory cell array is integrally formed in a 
p-type substrate or a p-type well formed on an n-type substrate. A drain side of the NAND type EEPROM is connected 
to a bit line through a selective gate, and a source side is connected to a source line (reference potential wiring) through a 
selective gate. A control gate of the memory cell is continuously connected in the row direction of the memory cell array 
to become a word line. The set of memory cells connected to the same word line is called one page. A set of pages 
provided between a drain side and a source side is called a one NAND block or one block. Normally this one block is 
the minimum unit capable of independent erasure. 

[0006] The operation of a NAND type EEPROM is as described below. A data erasure operation is conducted 
concurrently on a memory cell within a one NAND block. Specifically, all control gates of the selected NAND block are 
charged at the VSS reference potential, and high voltage VPP (for example, 20 V) is applied to the p-type well and the n- 
type substrate. Thus, the electrons of the floating gates of all the memory cells are enrutted to the substrate, and the 
threshold values are shifted in a negative direction. This state is usually defined as state " 1 In addition, chip erasure is 
carried out with all NAND blocks selected. 

[0007] A data writing operation is conducted sequentially from a memory cell of a position most separate fi-om the bit 
line. A high voltage VPP (for example. 20 V) is applied to the control gate of the menwry cell selected from within the 
NAND block, and an intermediate voltage VM (for example, 10 V) is applied to the other unselectcd gate. In addition, 
VSS or VM is applied to the bit line as a function of the data. When VSS is applied to the bit line (writing of "0"), the 
potential is transmitted to the selected memory cell, and electrons are thus injected to a floating gate. By so doing, the 
threshold value of the selected memory cell is shifted in a positive direction. This state is usually defined as the "0" state. 
Electron injection does not occur when VM is applied to the bit line (writing of"!"), and the threshold value remains 
negative without changing. 
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[0008] A data reading operation is conducted by setting the control gate of the selected memory cell within the NAND 
block to VSS, by setting the potentials of the control gates and the selected gates of memory cells other than the selected 
memory cell to VCC, and by detecting whether or not a current flows in the selected memory cell. Data that are read are 
latched to a sense amplifier and data latch circuit. 

[0009] The conventional method of moving data from a given page for storage in another page is presented below. First, 
data are latched to a sense amplifier and data latch circuit via a random read operation. Next, data are stored in an 
external buffer memory circuit by a page reading operation. That is followed by switch to a writing operation in which 
data in the sense amplifier and data latch circuit are transferred from buffer memory and written. 
[00 1 0] Assuming that " 1 " data (erasure state) are latched at this time to a latch circuit, the precharged bit line potential 
would be discharged to the VSS level during reading since the memory cells are D type. Therefore, "L" would be latched 
on the bit line side of the sense amplifier and data latch circuit. Furthermore, "H" is latched on the bit line side of the 
sense amplifier and data latch circuit to ensure that intermediate potential is not fed to the bit line and that tunnel current 
is not generated during vmting of " 1 " data. 

[001 1] In this way, reverse data are latched to the sense amplifier and data latch circuit when reading and vmting "I" 
data. The identical procedures apply to "0" data. This data inversion necessitates page reading with an external buffer 
memory and the transfer of page data when storing page data in another page, and that leads to an increase of the writing 
time. 

[00 1 2] The write verify method in a conventional NAND type EEPROM is explained below with reference to Figure 9. 
A sense amplifier and data latch circuit (FF) comprises CMOS fiip-flops. Its first output is connected to a bit line BLi via 
E type n channel MOS transistor Qn7 that is controlled via <1>F. E type n channel MOS transistor Qn8 controlled by the 
first output of flip-flop FF and E type n channel MOS transistor Qn9 controlled by signal OV are connected in series 
between bit line BLi and VCC. In addifion, E type p channel MOS transistor Qp5 that precharges the bit line is 
connected to E type n channel MOS transistor QnlO that discharges the bit line. Furthermore, sense lines VDTC and 
VSS are connected via detection transistor Qnl 1 which is input the second output of flip-flop FF. 
[00 1 3] During writing, "H" is latched to the bit line side node of FF when writing " 1 and intermediate potential is fed to 
the bit line. When writing "0", "L" is latched to the bit line side node of FF, and VSS is transferred to tlie bit line. 
[0014] Confirmation of writing is carried out while Qn7 is OFF. First, the precharge signal 0)?' is set at "L" and the bit 
line is precharged to VCC. Written data are held in FF in this state. Subsequently, the selective gate and the control gate 
are driven. The bit line is discharged to VSS if the memory cells are D type. In addition, if the memory cells are E type, 
the bit line is held at the VCC level. After the selective gate and the control gate have been reset, the verify signal 4>V 
becomes "H" and the bit line that has held "1" data is charged to VCC-VTH. Subsequently, after the CMOS inverter 
comprising the FF has been deactivated, Qn7 is turned ON, the potential of the bit line is sensed and latched, and that 
serves as rewriting data. Speci fically, "H" is latched on a bit line in which " 1 " has been written, while "H" is latched on a 
bit line in which "0" has been written once writing has been adequately completed. "L" is latched only on a bit line in 
which "0" has been written if writing has been inadequate. Rewriting continues until "H'* has been latched to the bit line 
side nodes of all FF. 

[0015] This is detected in the following manner. The detection transistors of all FF are connected to the sense line 
VDTC. VDTC is connected to the p channel transistor. The p chaimel transistor is activated for a prescribed duration of 
time after aforementioned latching is tenninated. If all bit writing is completed, VDTC would be charged to VCC since 
all detection transistors would be OFF at that time. If a remaining cell has not been adequately written, the detection 
transistor corresponding to its bit line would be ON and the VDTC potential would fall to VSS. Whether or not writing 
has been terminated can be detected in batches (specifically, altering the address rather than reading all bits) by detecting 
this VDTC potential. 

[0016] The writing confirmation operation can be detected in batches in aforementioned manner. The conventional 
erasure confirmation operation is explained here. The erasure confirmation operation is not carried out by the same 
operation as aforementioned writing confirmation operation. The reason is that "L" is latched to the bit line side node of 
the FF that has been correctly erased when cell data are read following erasure, and the detection transistor remains ON. 
Consequently, batch detection is not possible. Therefore, the conventional erasure confirmation operation confirms 
whether or not erasure has been completed by reading data outside of the chip through page reading. 
[0017] As indicated above, the conventional erasure confirmation operation presents the problem of requiring a 
prolonged period of time because it necessitates page reading. 
[0018] 

IProblems Solved by the Invention] As indicated above, inverted data are latched to the sense amplifier and data latch 
circuit connected to one end of the bit line of a memory cell array when reading and writing " I " data in a conventional 
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nonvolatile semiconductor memory apparatus using NAND type EEPROMs. The same applies to "0" data. 
Consequently, page reading and page data transfer with an external buffer memory are required when storing data of a 
page with inverted data on another page, which presents the problem of increasing the writing time. The same problem of 
time increase is presented during the erasure confirmation operation since data are read externally through page reading, 
which necessitates confirmation of erasure. 

[0019] The present invention was devised in light of aforementioned problems. The purpose is to provide a nonvolatile 
semiconductor memory apparatus capable of high-speed operation that does not require external data reading and 
retransfer for prescribed processing operations such as copying of page data to other pages or erasure verification 
operations. 
[0020] 

[Means of Solving the Problems] To solve aforementioned problems, the present invention is first provided with a 
memory means that has a data storage area divided into fixed units, a latching means that latches data via a reading 
operation of aforementioned data at fixed units, inverts these latched data and then relatches them, and a means of 
carrying out required processing operations based on aforementioned data inversion. 

[002 1 ] Secondly, in aforementioned first structure, aforementioned required processing operation is writing and copying 
of data stored in aforementioned fixed units to other fixed units. 

[0022] Third, in aforementioned first structure, aforementioned required processing operation is erasure verification. 
[0023] Fourth, in aforementioned first or second structures, aforementioned data inversion is carried out in single fixed 
unit batches. 

[0024] Fifth, aforementioned first, second, third or fourth structures judge whether or not aforementioned data inversion 
is carried out as a ftmction of the address of the processing operation in the pluralit>' of memory means in question when 
there is a plurality of aforementioned memory means. 
[0025] 

[Action] Data that had been latched in a latch means by a reading operation fi-om a fixed unit in a memory means in 
aforementioned structure are inverted by a batch inversion operation at one fixed unit and relatched. When executing 
prescribed processing operations such as write copy processing of data fi-om aforementioned fixed unit to another fixed 
unit, external reading and retransfer of data is unnecessary since the inverted/relatched data are used. As a result, the 
prescribed processing operation can be completed at high speed. 

[0026] When there is a plurality of memory means, data that are equivalent to inverted data are obtained based on the 
address relationship of the processing operations in the plurality of memory means, such as the copy source and copy 
destination among a plurality of memory nieans, and this obviates the need for a data inversion operation. 
[0027] Embodiments of the present invention are explained below with reference to the appended figures. 
[0028] Figure I is a block diagram showing the structure of a nonvolatile semiconductor memory apparatus using NAND 
type EEPROM pursuant to the first embodiment of the present invention. Sense amplifier/data latch circuit 2 is installed 
as a latch means for data writing, reading, write and erase verification in memory cell array 1 which is a memory means. 
Memory cell array 1 is divided into blocks comprising a plurality of pages. Each block is structured to serve as a data 
storage area. Sense amplifier/data latch circuit 2 is linked to data input/output buffer 6 and is structured so as to receive 
the output of column decoder 3, which receives address signals fi-om address buffer 4, as input. Furthermore, row 
decoder 5 is installed to control the control gate and selective gate in memory cell array 1. Substrate potential control 
circuit 7 is installed to control the potential of the p type substrate (or p type well) in which memory cell array 1 is 
formed. 

[0029] Verify termination detection circuit 8 detects data latched to sense amplifier/data latch circuit 2 and outputs a 
verify termination signal. Verify termination signal is output externally through data input/output buffer 6. 
[0030] Figure 2 shows the connection relation among sense amplifier/data latch circuit 2, memory cell array 1 and verify 
termination detection circuit 8. Those circuit structures in Figure 2 which are identical or equivalent with those in 
aforementioned Figure 9 have the same designation and a duplicate explanation is omitted. E type n channel MOS 
transistor Qn8 controlled by the first output of flip-flop FF and E type n channel MOS transistor Qn9 controlled by signal 
<I)V are connected in series with bit line BLi between levels VCC or VSS. 

[003 1] The copying operation from one page to another page in the nonvolatile semiconductor memory apparatus having 
aforementioned structure is explained next. 

[0032] The memory cell data of the copy source is read first. After the C^MOS inverter has been deactivated by setting 
Osp at "H". <I>sn at "L", <E>rp at "H", and a>m at "L" when <DF is at "H", the bit line is precharged to VCC by setting OP' 
at "L". Next, the selected control gate is held at VSS, the unselected control gate is held at VCC, and the selected 
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selective gate is held at VCC for a fixed duration of time. Here, when the selected memory cells are erased and a 
negative threshold value is maintained, cell current flows and the bit line is discharged to VSS. 
[0033] Next, the bit line potential is detected by setting <Dsp at "L" and Osn at "H", and data are then latched by setting 
Orp at "L" and Om at "H". The sense amplifier and data latch circuit and the bit line are separated by setting (DF at "L". 
OP' is set at "L" and all bit lines are precharged to VCC The bit line is set to the floating state by setting OP' at "H". 
[0034] Next, OV is set at "H" and the VCC or VSS wiring is set at VSS. At this time, the bit line to which "H" is latched 
on the bit line side node of the sense amplifier and data latch circuit is discharged to VSS since Qn8 and/or Qn9 turns 
ON. (No special limitation on VSS is necessary. Even a low positive potential at which the "L" level can be assessed is 
permissible) In addition, the bit line to which "L" is latched on the bit line side node of the sense amplifier and data latch 
circuit maintains VCC since Qn8 turns OFF. 

[0035] Next, OV is set at "L". After the C^MOS inverter has been deactivated by setting Osp at "H", Osn at "L", Orp at 
"H", and Om at "L", OF is set at "H". The bit line potential is detected by setting Osp at "L" and Osn at **H", and data 
are latched by setting Orp at "L" and Om at "H". 

[0036] Inverted data of data that had first been latched through aforementioned operations can be latched. 
[0037] Next comes a shif^ to a write operation in this latched state. VMB of the sense amplifier and data latch circuit is 
raised from VCC to intermediate potential. The bit line wherein "H" is latched on the bit line side node, is set at 
intermediate potential, the bit line wherein "L" is latched on the bit line side node is set at VSS, and VPP is applied to the 
selective/control gates. 

[0038] The write verification operation is explained next. 

[0039] The write confirmation operation takes place vrith Qn7 OFF. First, the precharge signal OP' is set at "LT and the 
bit line is precharged to VCC. Write data are held in FF in this state. Here, the bit line is discharged to VSS if the 
memory cells are D type. In addition, if the memory cells are E type, the bit line maintains the VCC level. Afler the 
selective gate and the control gate have been reset, verify signal OV become "H" and the bit line in which "1" data are 
held is charged to VCC-VTH. The vinring of VCC or VSS is VCC. After the CMOS inverter comprising FF is 
deactivated, Qn7 is turned ON, the bit line potential is sensed and latched, and that serves as rewrite data. Specifically, 
"H" is latched in the bit line written vrith "1", and "H" is latched in the bit line written with "0" once writing has been 
adequately completed. "L" is latched only in a bit line in which "0" is written if writing is inadequati. Rewriting 
continues until "H" has been latched to the bit line side nodes of all FF. This is detected in the following manner. All FF 
detection transistors are connected to the sense line VDTC. VDTC is connected to a p channel transistor. The p channel 
transistor is activated for a prescribed time after termination of aforementioned latching. VDTC is charged to VCC at 
that time since all detection transistors would turn OFF if all bit writing is completed. If a cell with inadequate writing 
remains, the detection transistor corresponding to that bit line would remain ON, and the VDTC potential would fall to 
VSS. Whether or not writing has been terminated can be detected in batches (specifically, altering the address rather than 
reading all bits) by detecting this VDTC potential. 

[0040] Copying fi^om page to page can be attained without external reading of data in aforementioned operation. The 
sense amplifier and data latch circuit in this embodiment can be realized with a slight modification of the logic since 
switching the wiring that is fixed in conventional VCC between the VCC and VSS level is all that is needed. 
[0041 ] The erasure confirmation operation is explained next with reference to Figure 3. High voltage (for example, 20 
V) is applied to the substrate (or p well) in which a cell is formed and VSS is applied to the control gate in the erasure 
operation. By so doing, the threshold value of the selected memory cell is shifted in a negative direction. Next, data in 
the memory cell are read via the same operation as above. Specifically, the C^MOS inverter is deactivated by setting Osp 
at "H", Osn at "L", Orp at "H" and Om at "L" while OF is at "H", followed by precharging of the bit line to VCC by 
setting OPB at "L". Next, the selected control gate is held at VSS, the unselected control gate is held at VCC, and the 
selected selective gate is held at VCC for a fixed duration. Here, current flows through the cell and the bit line is 
discharged to VSS if a negative threshold value is maintained and the selected memory cells are erased. 
[0042] Next, the bit line potential is detected by setting Osp at "L" and Osn at "H**, after which data are latched by setting 
Orp at "L" and Om at "H". The sense amplifier and data latch circuit and bit line are separated by setting OF at "L". 
OP' is set at "L" and all bit lines are precharged to VCC. The bit line is set to the floating state by setting OP* at "H". 
[0043] Next, OV is set at "H". At this time, the bit line to which "H" is latched on the bit line side node of the sense 
amplifier and data latch circuit is discharged to VSS since Qn8 and/or Qn9 turns ON. (No special liinitation on VSS is 
necessary. Even a low positive potential at which the "L" level can be assessed is permissible) In addition, the bit line to 
which "L" is latched on the bit line side node of the sense amplifier and data latch circuit maintains VCC since Qn8 turns 
OFF. 
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[0044] Next, <DV is set at "L". After the C^MOS inverter has been deactivated by setting <Dsp at "H", Osn at "L", t^rp at 
"H", and (Dm at "L", OF is set at "H". The bit line potential is detected by setting (Dsp at "L" and cDsn at "H", and data 
are latched by setting a>rp at "L" and a)m at "H". 

[0045] Inverted data of data that had first been latched through aforementioned operations can be latched. 
[0046] Completion of verification is confirmed using the detection transistor. VDTC becomes "H" if all cells maintain a 
negative threshold value. In this case, the next page is confirmed. VDTC becomes "L" if even one cell remains with a 
positive threshold value. In that case, erasure v/ould be repeated until VDTC is detected to be "H". The detection results 
are output fi-om the data input/output pin or the READY/BUSY pin. 

[0047] Confirmation in aforementioned example is carried out in single page increments, but the confirmation operation 
can also be carried out once for all pages within a 1 NAND block. In this case, reading is carried out with VSS applied to 
all control gates within a selected block. Detection would be possible by the same method as in aforementioned example 
since the bit line would not be discharged if even one memory cell remains with a positive threshold value at this time. 
[0048] Furthermore, the voltage that is applied to the control gate need not be at the VSS level Negative voltage may be 
applied in the sense of including a margin. Furthermore, the imposition of negative voltage on the control gate may be 
simulated by applying VSS to the control gate and positive voltage to the source or source and p type substrate (or p 
well). There are also cases in which data from a defective bit line (for example, a leak) cannot be inverted, but we can 
easily conjecture that it need not be differentiated fi^om this embodiment. In addition, a fuse may be installed between the 
source of the detection transistor and VSS. Fuse disconnection of a detection transistor in a sense amplifier and data 
latch circuit for defective bit lines or spares that are unused for redundancy would pose no operational problems. 
[0049] Figure 4 shows a second embodiment of the present invention. The basic structure is identical with that of Figure 
1, but the cell array is divided into two blocks, 1 A and IB in this embodiment. Sense amplifier/data latch circuit 2 is 
installed for common use by both of these cell arrays 1 A and 1 B. 

[0050] Figure 5 shows the structure of the sense amplifier and data latch circuit. Flip-flop FF is composed of E type n 
channel MOS transistors QnI6, Qnl7 and E type p channel MOS transistors Qp7, Qp9. E type n channel MOS 
transistors Qnl4 and Qnl5 are FF equalizer transistors while Qn27 and Qn28 are detection transistors. 
[005 1 ] E type n channel MOS transistor Qn 1 8 and E type p channel MOS transistor Qp8 are transistors for FF activation; 
E type n channel MOS transistors Qnl9 and Qn20 are transistors for connecting two FF nodes Nl , N2 with bit lines 
within cell array blocks 1 A, 1 B; and Qn25, Qn26 are transistors for precharging and resetting bit lines. Qn2 1 to Qn24 
are transistors for connecting bit lines with wiring at the VCC or VSS levels. 

[0052] Copying fi-om page to page using this structure is discussed here. The reading/data inversion operation in 
aforementioned first embodiment is necessary to copy a page header in memory cell array 1 A ft^om a page in memory cell 
array 1 A. However, reading/data inversion is unnecessary for copying data fi-om a page in memory cell array 1 A to a 
page in memory cell array 1 B or for copying data fi-om a page in memory cell array 1 B to a page in memory cell array 
lA. A direct switch to the writing operation without reading/data inversion is possible since these are connected, 
respectively, to nodes on the opposite sides of the sense amplifier and data latch circuit. 

[0053] In this manner, page copying can be effected by controlling whether or not the inversion operation is carried out 
based on the address relationship between the copy source and the copy destination. 

[0054] The method of data inversion in this embodiment is discussed here. A page in memory cell array I A is selected as 
the copy source. 

[0055] First, bit line BLai is precharged to 3V while BLbi is precharged to 2V (reference potential), after which bit lines 
BLai and BLbi are set to the floating state by setting precharge signals <S>?A and <I>PB to "L". Next, the selected control 
gate is held at VSS, the unselected control gate is held at VCC, and the selected selective gate is held at VCC for a fixed 
duration. After the MOS flip-flop has been reset by an equalizer signal, bit lines BLai, BLbi are connected to nodes Nl , 
N2 by setting OA, a>B to "H", and bit line BLai is read by setting <I>P to "L" and ON to "H". The read data are latched. 
Then, FF is disconnected fi-om the bit lines by setting OA and OB to "L". Next, bit line BLai is precharged to 3V, bit 
line BLbi is precharged to 2V for setting to the floating state, after which OAV is set at "H". Subsequently, the FF is 
deactivated and equalized after OAB has been set to "L". Then, OA, OB are set at "H" and data are read by setting OP at 
"L** and ON at "H". By so doing, the read daU are inverted in batches. 

[0056] The verification operation following erasure is explained next. Bit line BLai of memory cell array 1 A is selected 
here. 

[0057] First, bit line BLai is precharged to 3V while BLbi is precharged to 2V (reference potential), after which bit lines 
BLai and BLbi are set to the floating state by setting precharge signals OPA and OPB to "L". Next, the selected control 
gate is held at VSS, the unselected control gate is held at VCC, and the selected selective gate is held at VCC for a fixed 
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duration. After the CMOS flip-flop has been reset by an equalizer signal, bit lines BLai, BLbi are connected to nodes 
Nl, N2 by setting <I>A, 0)0 to "H". Bit line BLai is read by setting (DP to "L" and <1>N to "H". The read data are latched. 
[0058] Then, FF is disconnected from the bit lines by setting a>A and <1>B to "L". Next, bit line BLai is pitcharged to 3V, 
bit line BLbi is precharged to 2V (reference potential) for setting to the floating state, after which <I)AV is set at "H". 
Subsequently, the FF is deactivated and equalized, after which a>A and C>B are set to "H" and data are read. The data 
that are latched in this stage are inverted in batches. This is then detected in batches by detection transistor Qn28. In this 
manner, data are inverted in batches in verification of erasure of memory cell 1 A. 

[0059] However, data inversion is unnecessary when conducting erasure verification of memory cell 1 B. Furthermore, 
data inversion is unnecessary when conducting write verification of memory cell I A, but data inversion is necessary when 
conducting write verification of memory cell array IB. 

[0060] The verification operation can be carried out by one detection transistor Qn28 by controlling whether or not data 
inversion is implemented during a verification operation depending on the memory address and the erasure/writing mode. 
.Accordingly, another detection transistor Qn27 is unnecessary in the verification operation following erasure. 
[0061 ] The present invention is not restricted to aforementioned embodiments. Data inversion need not be carried out in 
page batches. It may be inverted within a chip per byte. This is presented in the third embodiment in Figure 6. Figure 7 
is a flow chart of the operation. Figure 6 presents an 10 sense circuit and an inversion data generation circuit 
corresponding to the sense amplifier and data latch circuit of aforementioned Figure 2. In Figure 6, 9 denotes a current 
mirror type of operating sense amplifier while 10 and 1 1 denote transfer gates. After equalizing 10 and lOB, data are 
output to lines 10, lOB by setting the column gate CSLi of the sense amplifier and data latch circuit at "H". After the 
potential difference has been sensed by current mirror type of operating sense amplifier 9, the data are latched. The latch 
contents may be inverted by forming inversion data fi^om this data, followed by transfer to the sense amplifier and data 
latch circuit through lO, lOB lines. In this case as well, the address signal may be formed using a counter within jthe chip. 

[0062] As shown in the fourth embodiment in Figure 8, the memory cell array is divided into a plurality of 1 A, IB, 2 A, 
2B (an example of four divisions is presented here for simplicity). In this case as well, data from a page of the copy 
source in the chip may be read and data may be transferred to the sense amplifier and data latch circuit oftixe page of the 
copy destination just as in the third embodiment. I 
[0063] Furthermore, aforementioned embodiments may be combined, so that read data may be inverted in batches as in 
aforementioned embodiment when copying within a given cell array, as in copying fix)m a page in cell array 1 A to a page 
in cell array 1 A; read data may serve directly as write data when copying between cell arrays that share a given sense 
amplifier and data latch circuit, as in copying fix>m a page in cell array 1 A to a page in cell array IB; or data may be 
transferred to the sense amplifier and data latch circuit of the copy destination by reading byte units within a chip 
followed by conversion into write data that can be copied, as in copying from a page in cell array 1 A to a page in cell 
array 2A. 
[0064] 

[Effects of Invention] As explained above, the present invention permits high-speed operation of prescribed processing 
operations such as copying of data in fixed units to other fixed units or erasure verification operations without requiring 
external data reading and retransfer since required processing operations are implemented based on data inversion in 
which data that had been latched to a latch means via a read operation from a fixed unit in the memory means are inverted 
and relatched. 

[Brief Description of Drawings] 

[Figure I] A block diagram showing the first embodiment of the nonvolatile senuconductor memory apparatus pursuant 
to the present invention. 

[Figure 2] A circuit diagram showing the sense amplifier and data latch circuit in the first embodiment. 

[Figure 3] A timing flow chart for explaining the operations of the sense amplifier and data latch circuit during the 

erasure confirmation operation in the first embodiment. 

[Figure 4] A block diagram showing the second embodiment of the present invention. 

[Figure 5] A circuit diagram showing the sense amplifier and data latch circuit in the second embodiment. 

[Figure 6] A circuit diagram showing the third embodiment. 

[Figure 7] A timing flow chart for explaining the operations of the third embodiment. 

[Figure 8] A block diagram showing the fourth embodiment of the present invention. 

[Figure 9] A circuit diagram showing the sense amplifier and data latch circuit in a conventional nonvolatile 
semiconductor memory apparatus. 
[Explanation of the Notation] 
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1, lA, IB memory cell array (memory means) 
2 sense amplifier/data latch circuit (latch means) 
8 verify detection circuit 
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